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Abstract  Train radio system has been constructed in the second stage of Kyung-bu high speed railway
adopting TETRA(Terrestial trunk radio) standard at 851MHz frequency band. The base stations of the train
radio system should be located along railway track to ensure seamless communication between train and
wayside taking the path loss of train radio propagation into consideration. This paper provides a quantitative
analysis of the path loss characteristics based on the measurement results of the train radio propagation along
the high speed railway. The free space propagation model and Okumura-Hata model are generally used for
base station design, but they predicted 10dB lower or 20dB higher than the measured path loss. Linear
regression of the field measured data by applying the log-distance model shows path loss exponent is in the
2.8-3.2 range, which can be used to predict the path loss of the train radio propagation.
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[Fig. 2] On-board System of KTX TRS

[Table 1] Specifications of KTX TRS

Item Specifications
Emergency Call
Types of call Group Call

Individual Call)
Broadcast Call)
10 Class
Simulcast & Trunked
All receiver include

Priorities of call

Communication mode

Receiver

commander
Frequency band 806~870 MHz
Channel bandwidth 45 MHz
Modulation 7 [4 DQPSK
Channel access TDMA
Data transmission rate 28.8 kbps
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[Table 2] Sensitivity reference level of TRS receiver

. Static Dynamic Noise

Device .. o
condition condition factor
Base Station -115dBm -106dBm 6.4dB
Mobile Station -112dBm -103dBm 9.4dB
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[Table 3] Calculation of link budget

Item Budget Unit

TX power 44 dBm

TX cable and filter loss 6 dB

TX antenna gain 8 dBi

Max. Effective Isotropic Radiated .
Power(ERP) 46 dBi
Propagation loss L dB

Signal level at RX antenna 46-L dBm
RX antenna gain 2 dBi

RX cable loss 2 dB

Receiver input power 46-L dBm
Minimum Static -112 dBm
sensitivity level Dynamic -103 dBm

[Table 4] Calculation of propagation loss

Class Definition Recommended
model
1 Large city
Crowded area
Medium city
lfath 2 Industrial area Okumura- Hata
0SS 3 Outskirts area model
model
4 Open area
5 Mountain area
6 Seaside area
Diffraction model Deygout 1994
(Buildings, Land type) model
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[Fig. 3] On-board measurement system

[Fig. 4] Test sections for measurement
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[Fig. 5] Measurement of RSSI from base station RS1 and
RS2

[Table 5] Specifications of base station antenna

Base Station RS1 RS2
Antenna Height [m] 40 20
Nominal Power [W] 25 25
Tx Antenna Gain [dB] 17.65 17.65
Tx losses [dB] 13.87 13.32
ERP [W] 45.61 46.16
Frequency [MHz] 851 851
=300
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-60.0 Direction
-75.0 =
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[Fig. 6] Measurement of RSSI from base station RS4
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[Fig. 7] Measurement of RSSI from base station RS9

P\ A=} o) 53 Afolo] Syl el 0] Hat Az
o AT SHNZIE Tk Azt o] AETe

L= Ppe— Bpgt Cpet Gyg— Hyg— Ry (®)

7NN, Ppg: 4 &3[dBm], Byg: $4 AlolE 9
e £A[dB], Cpy : A1 SHIL 0]5[dB], Gy -
Al SHEIY o1 5{dB], Hyy 0 4l AlolE &4A[dB,
57} %[dBm]

R353 ‘/I:/L] Al

ot Lol AFFH LR E e A=EA gl

o

2989

A3 HS A83lo] log-distance T A2Q] 2L
AAGE APgEiTh AP gt o g 49 4

(7)ell E2l log-distance R @o]| &3t ARLA] o =%
o] eA}o] AR5 A9t Zol Azt

B

(n) =Y {2(d) — PL(d)

i=1

M FRE

= Z{L(di) — PL(d,) — 10nl0gmd—l ©)
i=1 0
oA7IA, M ZHA L A no: BRELAS,
d; + A2, L(d,): d;olx9] A2 A=A,
PL(d;) log-distance L &l o]| A ©] 7 &2l =3

HORRE, 228 Hastehe AREUAS nE 7
517] Ho}oq nol o] nlEgk 7h2 0082 oW A=
/\,‘nj_] qo ;\IJ,]_ 71—0] /\}EQE}

4, (10)
dy

2)(10) o] g3te] n&AwA 9] HREEAH 24 1
Sli=k= %ﬁf& A}, A2EAA S n 2 Table 63 7o)
= 8, I2HE AR JL7bo)
*H 851MHz XAl ko] HREAR] 5= 2.8~3.2

2 BA=Qltt. Table 72 of2] 712 gofAle] Hat 7
BN 25 Ued AoE, 14&HE AR
Ao AREARFE TAX| oA FjHst Hato]
AREAA el FUe Ao g velyTh

[Table 6] Estimation of path loss exponent

Base Station RS1 RS2 RS9

Path loss exponent 2.83 3.0 3.23

Path loss at reference
distance [dB]

104 106 103

[Table 7] Typical path loss exponents at different
environments

Environment Pathloss exponent

Free space 2.0

Urban area cellular radio 2.7-35
In building line-of-sight 1.6-1.8
Obstracted in building 4.0-6.0
Obstracted in factories 2.0-3.0
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[Fig. 8] Path loss characteristics of radio propagation from base station RS1
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